Objective-To assess the significance of changes in respiratory muscle endurance in relation to respiratory and limb muscle strength in patients with mild to moderate chronic heart failure using a threshold loading technique. Subjects-20 patients with chronic heart failure (17 male) aged 63-8 (SD 7.4) years and 10 healthy men aged 63-1 (5.6) years.
Heart failure severity was New York Heart Association (NYHA) grade II (n = 11) and NYHA grade IIIIIV (n = 9). Methods-Respiratory muscle strength was measured from mouth pressures during maximum inspiratory effort (MIP) at functional residual capacity (FRC) and limb muscle strength was measured using a hand grip dynamometer. Inspiratory muscle endurance was measured using a threshold loading technique. The total endurance duration, the maximum threshold pressure achieved (P-Max), and the inspiratory load (% ratio of PMax/MIP) were recorded in all subjects. Results-Inspiratory muscles were weaker in patients with heart failure than in the controls [MIP 53 6 (16.5) Fatigue and dyspnoea on exertion are common symptoms in patients with chronic heart failure. These symptoms often correlate poorly with measures of ventricular function, and the underlying mechanisms are unknown.1-3
Studies of skeletal limb muscle suggested that abnormal muscle function and metabolism are important contributory factors,47 which has led to a small number of studies of respiratory muscle function in patients with chronic heart failure.8-"3
Respiratory muscle strength assessed in mouth pressure studies is reduced in patients with heart failure, but the clinical relevance of these findings is unclear.8-"3 A more appropriate study of muscle function in relation to exercise intolerance is measurement of endurance, defined as the ability of muscle to resist fatigue. Increased respiratory muscle endurance is associated with increased maximum and submaximal exercise capacity, with recent data to suggest that endurance can be improved by selective respiratory muscle training alone. '4 As with many of the measures of exercise capacity in patients with chronic heart failure, assessment of endurance depends on the methods used. Maximum sustainable ventilatory capacity during isocapnic hyperpnoea has been described in these patients, but threshold loading of the inspiratory muscles is a useful alternative technique.'5'9 This is a simple, reliable measure of respiratory muscle endurance that has not previously been described in patients with heart failure.
The aim of this study therefore was to determine whether respiratory muscle endurance, measured using a threshold loading device, is reduced in patients with mild to moderate chronic heart failure and if so whether this reduction reflected a generalised myopathic state.
Methods

PATIENTS
Twenty patients (three female, 17 male) with stable chronic heart failure entered the study over a six month period. Heart failure was due to ischaemic heart disease in 14 During assessment of endurance the mean number of stages were significantly lower in the patients compared with controls, at 3-8 (2 1) v 7 5 (2 1), P < 0-01. Similarly the total test duration was lower in the patient group: 494 (223) v 996 (267) s, P< 001 (fig 1) . When the data were analysed according to NYHA grade there were trends towards a greater reduction in the endurance test duration in patients with more severe disease (table  2) .
The maximum threshold pressure (P-Max) achieved was lower in the patients than in controls, at 18-5(6-4) v 307(6-6) cm H2O, P < 0-01 (fig 2) . When this was expressed as a percentage of maximum inspiratory pressure, P- Aminophylline, by improving diaphragmatic perfusion, might also prove beneficial. 37 The results of this study have important implications for patients with chronic heart failure. They provide some insight into the possible mechanisms of exercise intolerance and confirm the presence of respiratory muscle dysfunction, even in those with mild to moderate disease. Measures of respiratory muscle strength have provided evidence of respiratory muscle dysfunction but measures of endurance are perhaps more relevant to the symptoms of chronic heart failure. Threshold loading of respiratory muscles is a simple technique suitable for clinical studies. The effects of treatment and respiratory muscle training on endurance should now be explored.
